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Enhancer of zeste homolog 2 (EZH2) is a mammalian histone
methyltransferase that contributes to the epigenetic silencing of
target genes that regulate cancer cell growth and survival. It is
overexpressed in hepatocellular carcinoma (HCC) with a clinical
significance that remains obscure. Sorafenib, a multikinase inhibi-
tor, has been used as a first-line therapeutic drug and shown
clinical efficiency for advanced-stage HCC patients. In the present
study, we found that sorafenib lowered the protein level of EZH2
through accelerating proteasome-mediated EZH2 degradation in
hepatoma cells. Overexpression of EZH2 reversed sorafenib-
induced cell growth arrest, cell cycle arrest, and cell apoptosis
dependent on histone methyltransferase activity in hepatoma
cells. More importantly, shRNA-mediated EZH2 knockdown or
EZH2 inhibition with 3-deazaneplanocin A treatment promoted
sorafenib-induced hepatoma cell growth arrest and apoptosis.
Sorafenib altered the hepatoma epigenome by reducing EZH2
and H3K27 trimethylation. These results revealed a novel thera-
peutic mechanism underlying sorafenib treatment in suppressing
hepatoma growth and survival by accelerating EZH2 degradation.
Genetic deletion or pharmacological ablation of EZH2 made hepa-
toma cells more sensitive to sorafenib, which helps provide a
strong framework for exploring innovative combined therapies
for advanced-stage HCC patients. (Cancer Sci 2013; 104: 750–759)

P rimary liver cancer, predominantly hepatocellular carci-
noma (HCC), is a major public health problem worldwide

and the third most common cause of cancer-related mortality
globally.(1) One of the main reasons for the high mortality rate
in patients with HCC is the lack of effective therapeutic
options, especially for those with advanced disease.(2) Poten-
tially curative therapies like surgical resection, transplantation,
and percutaneous ablation are only available to limited patients
with early HCC.(3) Moreover, the majority of patients with
HCC present with advanced disease due to the asymptomatic
nature of early HCC, lack of awareness, and poorly defined
clinical screening strategies.(4) The paucity of effective and
well-tolerated treatments for advanced HCC highlights the
desperate need for new therapeutic approaches for this deadly
disease.
The absence of standard systemic therapy for patients with

advanced HCC has changed with the recent positive random-
ized controlled trial testing sorafenib, which represents a
breakthrough in the management of this neoplasm.(5) The
unprecedented results of a recently published phase III clinical
trial show that sorafenib significantly improves survival and
time to progression in patients with advanced HCC.(5) Unfortu-
nately, less than half of patients with advanced-stage HCC
benefit from these therapies, and the benefits are transient

resulting from quickly acquired adaptive resistance to sorafenib
treatment.(6) These benefits and challenges highlight the impo-
rtance of underlying molecular mechanism exploration for
sorafenib treatment and novel oncogenic mechanism in this
malignancy. Molecular combination therapies are currently
being tested that block the main pathways involved in hepato-
carcinogenesis, such as mammalian target of rapamycin,
c-MET, insulin-like growth factor, and fibroblast growth factor
signaling, among others.(7) Increasing evidence reveals that
epigenetic modification can be viewed as “on” and “off”
switches for gene expression, where shutting down tumor-
suppressor genes or activating oncogenes can lead to aberrant
cellular proliferation and apoptosis,(8) indicating epigenetic
modulators might be used as a new weapon in this combina-
tion war against advanced-stage HCC.
Enhancer of zeste homolog-2 (EZH2), the catalytic subunit

of polycomb repressive complex 2 (PRC2), has been identified
as the crucial methyltransferase that catalyzes the trimethyla-
tion of lysine 27 of histone H3 (H3K27me3) to mediate
epigenetic transcriptional silencing of target gene expression.(9)

This function of EZH2 plays a key role in controlling
biological processes including X-chromosome inactivation,
germline development, stem cell pluripotency maintenance,
and tumor development.(10,11) Overexpression of EZH2 has
been implicated in tumorigenesis of malignancies derived from
prostate, breast, skin, bladder, stomach, liver, and other
organs.(12–17) Given the crucial putative oncogenic function of
EZH2 in hepatocarcinogenesis,(18–25) epigenetic modulators
directing EZH2, such as 3-deazaneplanocin A (DZNep), might
be used as promising therapeutic agents against liver
cancer.(26,27) However, little is known about the potential sig-
nificance of epigenome alterations mediated by EZH2 in liver
cancer after sorafenib treatment.
In this study, we showed that sorafenib could decrease the

EZH2 protein level by accelerating proteasome-mediated
EZH2 degradation in hepatoma cells. Furthermore, hepatoma
cells overexpressing EZH2 with histone methyltransferase
(HMT) activity had enhanced resistance to sorafenib-induced
cell growth arrest, cell cycle arrest, and apoptosis, whereas
hepatoma cells with depletion of EZH2 activity using shRNA
transfection or DZNep treatment were relatively more sensitive
to sorafenib-induced cell growth arrest or apoptosis. Sorafenib
altered the hepatoma epigenome by reducing the EZH2-mediated
H3K27me3 of target genes. These data reveal the potential
significance of EZH2-mediated hepatoma epigenomic alterations
in sorafenib treatment, indicating that a new combination
therapy with sorafenib and EZH2 inhibitor DZNep is an
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attractive strategy for controlling tumor progression, especially
in advanced-stage HCC patients with high levels of EZH2.

Materials and Methods

Cell culture. Human hepatoma cell lines HepG2, 7404, Huh7,
and SK-Hep1 were obtained directly from the Shanghai Cell
Bank of the Chinese Academy of Sciences (Shanghai, China) and
cultured in DMEM supplemented with 10% FBS at 37°C in a
humidified 5% CO2 incubator. The cell lines have been character-
ized at the cell bank by DNA fingerprinting analysis using short
tandem repeat markers. All cell lines were placed under cryostage
after they were obtained from the cell bank and used within
6 months of thawing fresh vials, as described previously.(28)

Construction of plasmids. Expression plasmids encoding
wild-type EZH2 and HMT deletion mutant EZH2-DSET were
constructed as described previously.(17) Luciferase reporter plas-
mid driven by the 5′-flanking region of EZH2 (�1876 upstream
to +3) were amplified from human genome DNA of HepG2 cells
and constructed in pGL3-Basic vector as described previ-
ously.(29) The PCR primer sets used are shown in Table S1. All
plasmid constructs were confirmed by DNA sequencing.

Plasmid transfection and RNAi. Transient and stable transfec-
tions with various plasmids were carried out as previously
described.(30) The shRNA against EZH2 gene EZH2 shRNA
and corresponding control shRNA (Sigma, St. Louis, MO,
USA) were used for RNA interference as described previ-
ously.(31) Gene silencing effects were confirmed by Western
blot analysis and RT-PCR at 48 h post-transfection.

Western blot. Western blot analysis was carried out as previ-
ously described.(32,33) Primary antibodies included those against
EZH2, cleaved poly(ADP-ribose) polymerase (PARP; Cell
Signaling Technology, Danvers, MA, USA), GAPDH, HA tag
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), H3K27me3
(Millipore, Billerica, MA, USA), H3 (Abcam, Cambridge, MA,
USA), and proliferating cell nuclear antigen (PCNA; BD Bio-
sciences, Rockville, MD, USA).

Quantitative RT-PCR. Total RNA extraction from cultured
cells and quantitative RT-PCR (qRT-PCR) analyses were carried
out as described previously.(30) The PCR primer sets used are
shown in Table S2.

Luciferase activity assay. The pGL3-EZH2-Pro plasmid contain-
ing EZH2 promoter and pGL3-Basic control vector were used
for assessing the effect of sorafenib treatment on EZH2 tran-
scriptional activity. Luciferase activity assay was carried out as
described previously.(28)

5-Bromodeoxyuridine incorporation assay, cell proliferation
assay, colony formation assay, and cell cycle analysis. The BrdU
incorporation assay, cell proliferation assay, colony formation
assay, and cell cycle analysis were carried out as described pre-
iously.(28,30,31) The procedures are described in detail in Data S1.

Annexin V ⁄propidium iodide staining, TUNEL assay, and
caspase 3 ⁄ 7 activity assay. Annexin V ⁄propidium iodide (PI)
staining, TUNEL assay, and caspase 3 ⁄ 7 activity assay were
carried out using the Annexin V–FITC Apoptosis Detection
Kit (BD Biosciences), In Situ Cell Death Detection Kit,
AP (Roche Applied Science, Mannheim, Germany), and Cas-
pase-Glo 3 ⁄7 Assay (Promega, Madison, WI, USA) according
to the manufacturers’ instructions.

Chromatin immunoprecipitation. Chromatin immunoprecipita-
tion was carried out with the ChIP Assay Kit (Millipore)
according to the manufacturer’s instructions. The percentage of
the bound DNA was quantified against the original DNA input
by PCR analysis. The PCR primer sets used are shown in
Table S3.

Statistical analysis. Data are presented as the mean � SEM of
at least three independent replicates using GraphPad Prism 5
(GraphPad Software, La Jolla, CA, USA) and comparisons

between different groups assessed by Student’s t-test. P < 0.05
was considered statistically significant.

Results

Sorafenib decreases EZH2 protein levels through accelerating
proteasome-mediated degradation in hepatoma cells. To explore
the putative significance of EZH2-mediated epigenetic altera-
tions in molecular targeted therapy with sorafenib treatment in
HCC, we investigated the protein levels of EZH2 and
H3K27me3 to assess the alterations of EZH2 and its HMT
activity in hepatoma cells after sorafenib treatment. We found
a marked decrease in EZH2 protein levels and associated glo-
bal levels of H3K27me3 histone mark in HepG2, 7404, Huh7,
and SK-Hep1 cells after sorafenib treatment (Fig. 1a). More-
over, we also found sorafenib downregulated EZH2 protein
levels and global H3K27me3 levels in a dose- and time-depen-
dent manner (Fig. 1b,c). However, sorafenib treatment had no
significant effect on EZH2 mRNA levels as quantified by
qRT-PCR analysis in HepG2, 7404, Huh7, or SK-Hep1 cells
(Fig. 1d). Furthermore, luciferase activity assay using EZH2
promoter showed that no significant alterations were found in
Huh7 cells after sorafenib treatment (Fig. 1e). These data indi-
cate that sorafenib downregulates EZH2 and its HMT activity
in hepatoma cells in a transcription-independent manner.
To dissect the molecular mechanisms underlying the down-

regulation of EZH2 protein levels in hepatoma cells after
sorafenib treatment, we evaluated the potential alterations of
EZH2 protein stability through inhibiting de novo protein
synthesis with cycloheximide (CHX) treatment and inhibiting
proteasome-mediated protein degradation with MG132. We
found more rapid downregulation of EZH2 protein stability
in 7404 and Huh7 cells after combined CHX and sorafenib
treatment compared to CHX treatment alone, indicating
downregulation of EZH2 protein levels might be due to
destabilized EZH2 protein after sorafenib treatment in hepa-
toma cells (Fig. 2a). We also found that decreased EZH2
protein levels in 7404 and Huh7 cells after sorafenib treat-
ment were reversed by proteasome inhibitor MG132, suggest-
ing that the decline in EZH2 protein levels could be
attributable to accelerating proteasome-mediated EZH2 pro-
tein degradation in hepatoma cells after sorafenib treatment
(Fig. 2b). Taken together, these results indicate that sorafenib
accelerated proteasome-mediated EZH2 protein degradation,
thus declining EZH2 protein levels and associated HMT
activities in hepatoma cells.

Hepatoma cells’ resistance to sorafenib is dependent EZH2
HMT activity. To address the clinical significance of EZH2 pro-
tein levels and associated decline in HMT activities mediated
by sorafenib treatment, we analyzed functional alterations after
sorafenib treatment in 7404 and Huh7 cells with overexpres-
sion of wild-type EZH2 and HMT deletion mutant EZH2-
DSET. We found that the markedly decreased proliferative
marker PCNA in 7404 and Huh7 cells treated with sorafenib
was rescued by wild-type EZH2 overexpression, but not
EZH2-DSET transfection, indicating the crucial role of
declined EZH2 protein levels and associated HMT activities in
sorafenib-blunted proliferation in hepatoma cells (Fig. 3a).
Moreover, the BrdU incorporation assay (Fig. 3b) and cell pro-
liferation assay (Fig. 3c) further confirmed the pivotal role of
EZH2 and its HMT activity in 7404 and Huh7 cells after so-
rafenib treatment. Colony formation assay showed that wild-
type EZH2 overexpression, but not EZH2-DSET transfection,
rescued the decline in anchorage-independent growth in 7404
and Huh7 cells treated with sorafenib (Fig. 3d). In addition,
flow cytometry analysis of cell cycle revealed that significant
G0 ⁄G1 cell cycle arrest in 7404 and Huh7 cells treated with

Wang et al. Cancer Sci | June 2013 | vol. 104 | no. 6 | 751
© 2013 Japanese Cancer Association



sorafenib was rescued by wild-type EZH2 overexpression, but
not EZH2-DSET transfection (Fig. 3e).
Furthermore, Annexin V ⁄PI staining (Fig. 4a), TUNEL assay

(Fig. 4b), caspase 3 ⁄7 activity assay (Fig. 4c), and Western

blot analysis of cleaved PARP (Fig. 4d) revealed that signifi-
cantly increased cell apoptosis in 7404 and Huh7 cells treated
with sorafenib was reversed by wild-type EZH2 overexpres-
sion, but not EZH2-DSET transfection, suggesting that

(a)

(b)

(c)

(d) (e)

Fig. 1. Sorafenib lowers enhancer of zeste homolog 2 (EZH2) protein levels in hepatoma cells. (a) Western blot analysis of EZH2, GAPDH, trime-
thylation of lysine 27 of histone H3 (H3K27me3), and total H3 protein levels in HepG2, 7404, Huh7, and SK-Hep1 cells after sorafenib (5 lM)
treatment for 48 h. (b) Western blot analysis of EZH2, GAPDH, H3K27me3, and total H3 protein levels in HepG2, 7404, and Huh7 cells after
sorafenib (0, 2.5, 5, and 10 lM) treatment for 24 h. (c) Western blot analysis of EZH2, GAPDH, H3K27me3, and total H3 protein levels in HepG2,
7404, Huh7, and SK-Hep1 cells after sorafenib (5 lM) treatment for the indicated times. (d) Quantitative RT-PCR analysis of EZH2 mRNA levels in
HepG2, 7404, Huh7, and SK-Hep1 cells after sorafenib (5 lM) treatment for 48 h. (e) Luciferase activity analysis of EZH2 promoter transcriptional
activity in Huh7 cells after sorafenib (5 lM) treatment for 48 h. The graphic profiles represent the mean of three independent replicates in each
group with standard error bars and were statistically analyzed with a t-test (*P < 0.05).
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overexpression of EZH2 blocks sorafenib-induced cell apopto-
sis dependent on HMT activity. Taken together, these data elu-
cidate the crucial significance of declined EZH2 protein levels
and associated HMT activities in functional alterations, includ-
ing proliferation inhibition, anchorage-independent growth dec-
lination, cell cycle arrest, and apoptosis, after sorafenib
treatment in hepatoma cells.

Knockdown and inhibition of EZH2 sensitizes hepatoma cells
to sorafenib treatment. To determine the potential impact of
EZH2 inhibition on molecular targeted therapy against
advanced-stage HCC with sorafenib, we assessed functional
alterations in the presence of shRNA-mediated EZH2 knock-
down or DZNep-induced EZH2 inhibition in hepatoma cells
after sorafenib treatment. Treatment with EZH2 inhibitor
DZNep or cotransfection with EZH2-specific shRNA further
facilitated the decrease in EZH2 protein levels and associated
decline in HMT activity in 7404 and Huh7 cells after sorafenib
treatment (Fig. 5a). More importantly, cell proliferation assay
showed the synergetic effect of DZNep-mediated EZH2 inhibi-
tion and shRNA-mediated EZH2 knockdown on cell prolifera-
tion declination in 7404 and Huh7 cells treated with sorafenib
(Fig. 5b). Colony formation assay confirmed DZNep-mediated
EZH2 inhibition and shRNA-mediated EZH2 knockdown syn-
ergized sorafenib-induced inhibition of anchorage-independent
growth in 7404 and Huh7 cells (Fig. 5c). The TUNEL assay
(Fig. 5d) and Annexin V ⁄PI staining (Fig. 5e) further indicated
that DZNep-mediated EZH2 inhibition and shRNA-mediated
EZH2 knockdown strengthened sorafenib-mediated cell apop-
tosis in 7404 and Huh7 cells. Overall, these data indicated that
DZNep-mediated EZH2 inhibition and shRNA-mediated EZH2
knockdown sensitized hepatoma cells to sorafenib treatment.

Sorafenib induces EZH2-mediated cancer epigenomic altera-
tions in hepatoma cells. Given the putative significance of
EZH2 declination in combined molecular targeted therapies
against HCC, we further investigated EZH2-mediated cancer
epigenomic alterations on PRC2 target genes in hepatoma cells
after sorafenib treatment. First, qRT-PCR analysis showed

remarkable upregulated mRNA levels of PRC2 target genes
such as ADRB2, DAB2IP, Runx3, CIITA, CDH1, p16, and p21
in sorafenib-treated 7404 and Huh7 cells in a dose-dependent
manner (Fig. 6a). Moreover, qRT-PCR analysis revealed that
mRNA levels of these genes could be decreased by wild-type
EZH2 overexpression, but increased by EZH2-DSET transfec-
tion or EZH2-specific shRNA infection, in 7404 and Huh7
cells (Fig. 6b). In addition, overexpression of wild-type EZH2,
but not EZH2-DSET, rescued upregulated mRNA levels of the
PRC2 target genes in sorafenib-treated 7404 and Huh7 cells
(Fig. 6c). Furthermore, ChIP assay showed that significant
reductions of the recruitment of EZH2 and the occupancy of
the H3K27me3 histone mark at the promoter of known PRC2
target genes such as ADRB2, DAB2IP, CDH1, and p16 in
sorafenib-treated 7404 and Huh7 cells (Fig. 6d). These data
indicated that sorafenib regulated the cancer epigenome by
reducing the recruitment of EZH2 and the occupancy of the
H3K27 histone mark in hepatoma cells.

Discussion

The positive results obtained by sorafenib in advanced-stage
HCC represent a breakthrough in the understanding of molecu-
lar mechanisms underlying this deadly malignancy, a landmark
advancement in improving survival for patients with advanced
HCC, and the proof-of-principle that molecular targeted thera-
pies have a curative role in this otherwise treatment-resistant
disease.(34) However, the molecular complexity of HCC war-
rants further efforts in the direction of combining therapies tar-
geting enriched molecules to approach a more personalized
treatment of this neoplasm. Our study identified proteasome-
mediated EZH2 protein degradation and subsequent cancer epi-
genomic alterations dependent on HMT activity as crucial
molecular events for hepatoma cell growth inhibition and
apoptosis undergoing sorafenib treatment, and revealed that
EZH2 knockdown and inhibition sensitizes hepatoma cells to
sorafenib treatment. These data elucidate a novel molecular

(a)

(b)

Fig. 2. Sorafenib accelerates proteasome-dependent enhancer of zeste homolog 2 (EZH2) protein degradation. (a) Western blot analysis of
EZH2 and GAPDH protein levels in 7404 and Huh7 hepatoma cells after cycloheximide (CHX; 10 lg ⁄mL) treatment without or with sorafenib
(5 lM) for the indicated times. (b) Western blot analysis of EZH2 and GAPDH protein levels in 7404 and Huh7 cells after sorafenib (5 lM for
48 h) treatment without or with MG132 (10 lM for 6 h). The graphic profiles represent the mean of three independent replicates in each group
with standard error bars and were statistically analyzed with a t-test (*P < 0.05).
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(a)

(b)

(c)

(d)

(e)

Fig. 3. Enhancer of zeste homolog 2 (EZH2) overexpression blocks sorafenib-induced hepatoma cell growth inhibition dependent on histone
methyltransferase activity. Hepatoma 7404 and Huh7 cells were stably transfected with control vector, wild-type EZH2 plasmid, and histone
methyltransferase deletion mutant EZH2-DSET plasmid. (a) Western blot analysis of proliferating cell nuclear antigen (PCNA), EZH2, HA tag,
GAPDH, trimethylation of lysine 27 of histone H3 (H3K27me3), and total H3 protein levels after sorafenib (5 lM) treatment for 48 h. (b) Flow
cytometry analysis for BrdU incorporation after sorafenib (5 lM) treatment for 48 h. (c) Cell proliferation assay for cell growth analysis with
sorafenib (5 lM) treatment for the indicated times. (d) Colony formation assay for anchorage-independent growth analysis with sorafenib (5 lM)
treatment for 14 days. (e) Flow cytometry analysis for cell cycle status after sorafenib (5 lM) treatment for 24 h. The graphic profiles represent
the mean of three independent replicates in each group with standard error bars and were statistically analyzed with a t-test (*P < 0.05).
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(a)

(b)

(c) (d)

Fig. 4. Enhancer of zeste homolog 2 (EZH2) overexpression rescues sorafenib-induced hepatoma cell apoptosis dependent on histone methyl-
transferase activity. Flow cytometry analysis for Annexin V ⁄ propidium iodide staining (a), TUNEL assay (b), caspase 3 ⁄ 7 activity assay (c), and
Western blot analysis of cleaved poly(ADP-ribose) polymerase (c-PARP), EZH2, and GAPDH (d) in 7404 and Huh7 cells stably transfected with
control vector, wild-type EZH2 plasmid, and histone methyltransferase deletion mutant EZH2-DSET plasmid after sorafenib (5 lM) treatment for
48 h. The graphic profiles represent the mean of three independent replicates in each group with standard error bars and were statistically
analyzed with a t-test (*P < 0.05).
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(a)

(b)

(c)

(d)

(e)

Fig. 5. Enhancer of zeste homolog 2 (EZH2) knockdown or inhibition promotes sorafenib-induced hepatoma cell growth arrest and apoptosis.
(a) Western blot analysis of EZH2, GAPDH, trimethylation of lysine 27 of histone H3 (H3K27me3), and total H3 protein levels in 7404 and Huh7
cells after sorafenib (2.5 lM) treatment with or without 3-deazaneplanocin A (DZNep; 5 lM) for 48 h (left), and stably transfected with control
shRNA (shCon) or specific EZH2 shRNA (shEZH2) (right). (b–e) Cell proliferation assay for cell growth analysis with sorafenib (2.5 lM) treatment
for the indicated times (b), colony formation assay for anchorage-independent growth analysis with sorafenib (2.5 lM) treatment for 14 days (c),
TUNEL assay after sorafenib (2.5 lM) treatment for 48 h (d), and flow cytometry analysis for Annexin V ⁄ propidium iodide staining after sorafe-
nib (5 lM) treatment for 48 h (e) in 7404 and Huh7 cells with or without DZNep (5 lM) cotreatment, or stably transfected with control shRNA or
specific EZH2 shRNA. The graphic profiles represent the mean of three independent replicates in each group with standard error bars and were
statistically analyzed with a t-test (*P < 0.05).
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mechanism underlying sorafenib treatment for HCC, and
implicate EZH2 inhibitor DZNep as a promising combination
therapy to synergize sorafenib against advanced HCC.

Although sorafenib has been shown to have survival benefits
in patients with advanced HCC in large clinical trials, increas-
ing evidence has indicated two major challenges to its use:

(a)

(b)

(c)

(d)

Fig. 6. Sorafenib upregulates transcription of polycomb repressive complex 2 (PRC2) target genes through enhancer of zeste homolog 2 (EZH2)
declination in hepatoma cells. (a–c) Quantitative RT-PCR analysis for mRNA levels of PRC2 target genes including ADRB2, DAB2IP, Runx3, CIITA,
CDH1, p16, p21, and control gene GAPDH in 7404 and Huh7 cells after sorafenib treatment for 48 h (a), 7404 and Huh7 cells stably transfected
with control vector, wild-type EZH2 plasmid, histone methyltransferase deletion mutant EZH2-DSET plasmid, control shRNA (shCon), or specific
EZH2 shRNA (shEZH2) (b), and 7404 and Huh7 cells stably transfected with control vector, wild-type EZH2 plasmid, and histone methyltransferase
deletion mutant EZH2-SET plasmid after sorafenib (5 lM) treatment for 48 h (c). (d) ChIP assay for analyzing the recruitment of EZH2 (left) and
the occupancy of the trimethylation of lysine 27 of histone H3 (H3K27me3) histone mark (right) at the promoters of PRC2 target genes including
ADRB2, DAB2IP, CDH1, and p16 and control gene GAPDH in 7404 and Huh7 cells after sorafenib (5 lM) treatment for 48 h. The graphic profiles
represent the mean of three independent replicates in each group with standard error bars and were statistically analyzed with a t-test
(*P < 0.05).
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only limited patients respond to treatment; and many rapidly
acquire resistance. Regarding the molecular events responsible
for acquired resistance of hepatoma cells to sorafenib, aberrant
activations of signaling cascades such as PI3K ⁄AKT have
attracted much attention in recent years. Global epigenetic dis-
turbance, which is thought to contribute to carcinogenesis
through oncogene activation, loss of imprinting, genomic insta-
bility, and harmful expression of inserted viral sequences,
might also be involved in acquired resistance of hepatoma
cells to sorafenib and remains poorly understood. Our present
study reveals the pivotal role of epigenetic modulator EZH2 in
sorafenib-induced hepatoma cell growth arrest and apoptosis,
implicating EZH2-mediated epigenetic modifications might be
another crucial molecular mechanism underlying acquired
resistance to sorafenib. Accumulated evidence indicates that
some of the molecular targets of sorafenib can regulate EZH2
expression at transcriptional, post-transcriptional and
post-translational levels.(35–37) A recent report indicates that
CDK1-mediated EZH2 phosphorylation at Thr345 ⁄487 pro-
motes EZH2 ubiquitination and subsequent degradation.(38)

These molecular events might be responsible for sorafenib-
mediated EZH2 degradation and merit further exploration.
Other targets of sorafenib can enhance the effectiveness of
EZH2 deletion in a synergistic manner.(39–42) Moreover, the
epigenome is dynamic and therefore responsive to environmen-
tal signals not only during the critical periods in development
but also later in life as well. Sorafenib, as an environmental
factor, may alter epigenetic homeostasis by direct or indirect
mechanisms, in which other epigenetic modifiers, besides
EZH2, might also be involved.
A previous study revealed that EZH2-mediated concordant

epigenetic repression of Wnt antagonists could contribute to
constitutive activation of Wnt signaling and consequent prolif-
eration of hepatoma cells.(21) In addition, EZH2 could also
epigenetically silence multiple tumor suppressor miRNAs such

as miR-139-5p, miR-125b, miR-101, let-7c, and miR-200b to
promote liver cancer metastasis.(22) Another study revealed that
tumor suppressive microRNA-124 modulated the aggressive-
ness of HCC cells by repressing Rho-associated protein kinase 2
and EZH2.(20) High expression of oncogenic long non-coding
RNA lncRNA-HEIH in HCC could facilitate tumor growth
through directing EZH2 and repression of EZH2 target genes.(24)

Interferon-a ⁄ signal transducer and activator of transcription 2
could suppress oncogenic p53-paralog DNp73 expression
through the recruitment of the EZH2 polycomb group transcrip-
tional repressor in liver cancer cells.(25) Our results also identi-
fied ADRB2, DAB2IP, CDH1, and p16 as PRC2 target genes
regulated by EZH2-mediated epigenetic alterations in a dose-
dependent manner in hepatoma cells after sorafenib treatment.
As ADRB2, DAB2IP, CDH1, and p16 have been reported to be
involved in EZH2-mediated tumorigenesis,(43–46) the potential
functional significance of these EZH2-silenced genes awaits fur-
ther investigation in hepatocarcinogenesis. Furthermore, EZH2
inhibits the promoter activities of target genes in a dose-depen-
dent manner, which accounts for the synergistic effect of EZH2
inhibition and sorafenib treatment.
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